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We have successfully synthesized the c-axis oriented YBa The cuprate superconductors have two-dimensional superconducting properties such as the anisotropic critical current density. [1] [2] [3] [4] [5] [6] [7] This anisotropy is attributed to its structure alternately stacked with superconducting CuO 2 plane and insulating charge reservoir layer. [8] [9] [10] Therefore, the grain orientation of the cuprate [11] [12] [13] is required for practical use. Most research for high-temperature superconducting wire have been using rare-earth (RE)-based cuprate superconductor REBa 2 Cu 3 O 7−δ (RE-123) or Bi-based Bi 2 Sr 2 Ca 2 Cu 3 O 10+δ . 1, 4, 5, 11) However, a thermal instability for oxygen contents in both RE-123 and Bi-2223 is one of the limiting factors in its potential application. On the other hand, REBa 2 Cu 4 O 8 (RE-124) has a rigorous thermal stability for oxygen contents at high temperature up to 800 • C. [14] [15] [16] [17] In addition, the superconducting transition temperature (T c ) of RE-124 can be increased up to 90 K by a partial Ca substitution of RE site. 18, 19) Hence RE-124 is an important material for superconducting application above liquid nitrogen temperature that does not contain toxic elements as well as RE-123 and Bi-2223. Up to now, synthesizing RE-124 superconductor to good quality for application has been considered to be difficult. Here we report the simple synthetic method of Y-124 films using a coprecipitation.
The coprecipitation process in Y-124 was similar to the previous study. 20 (using 0.0025 mol of Y 3+ ) were dissolved in distilled or ion-exchanged water. An aqueous solution of 0.02 mol of sodium hydroxide (NaOH) and 0.003 mol of oxalic acid were used as a precipitant. The aqueous solution of NaOH was firstly added into the metal nitrates solution, and subsequently the aqueous solution of oxalic acid was added into the residual solution, resulting in pale blue precipitations (see figure 1(a) ). The precipitations were dispersed in ethanol and dip-coated on a SrTiO 3 (1 0 0) substrate (see figure 1(b) ). The sample was preheated at 400 • C for 10-15 min and dip-coated again. The dip-coating and preheating processes were repeated several times. Finally, the sample was heated at 750 • C for 12-20 h in a tube furnace flowing oxygen gas. The schematic images of the above process are shown in figure 2(a-e).
X-ray diffraction (XRD) pattern was measured by θ-2θ method with a CuKα radiation using Mini Flex 600 (Rigaku). The sample morphology and the chemical composition were identified by a scanning electron microscope (SEM) using JSM6010-LA (JEOL) equipped with an energy dispersive X-ray analyzer (EDX). The temperature dependence of magnetization was measured using a magnetic property measurement system (MPMS; Quantum Design). The temperature dependence of resistance was measured by the standard four-probe method. Gold wires as four probes were attached on the film with silver paste (4922N; Du Pont Co., Ltd.). (T c onset ) corresponds to T c of a bulk Y124 (∼80 K) and the zero resistance temperature (T c zero ) is almost consistent with the T c estimated from the magnetization measurement. In the normal state (80 K < T < 300 K), the resistance showed metallic and upper-curvature shape coming from the nature of under-doped cuprate superconductor. [23] [24] [25] [26] [27] [28] [29] It is assumed that such behavior appears universally in cuprates, [23] [24] [25] [26] [27] [28] [29] due to the in-plane scattering rate of the electrons was reduced by the pseudogap opening. [23] [24] [25] [26] [27] [28] Near the surface of our Y-124 film was Y-poor composition suggested by EDX analysis, however, the temperature dependence was typical of in-plane characteristics of an as-grown RE-124 single crystal. 28 
